This paper evaluates the effects of long-range transport patterns of air trajectories arriving at a rural ground based station, ICIPE Mbita 1125 meters above mean sea level. Mass concentration data of fine mode AOD, coarse mode AOD and fine mode fraction AOD were combined with back-trajectory cluster analysis. The Potential Source Contribution Function (PSCF) model and Concentration-Weighted Trajectory (CWT) method were used to evaluate the transport pathways and Potential Source Areas (PSA) affecting AOD loadings in western parts of Kenya during wet (MAM) and dry (JJA) seasons. The main sources and paths of advection to source and receptor regions and its relation to AOD concentration were identified. Using these methods, the Geographic Information System (GIS) based software and MeteoInfo was used for query and computation of potential source contribution function and concentration weighted trajectory analyses when the measurement data were included. The results for both PSCF and CPF were sufficient indicators that pollutants originated from two main sources, that is, northeastern and southeast directions from the site.
Introduction
The atmospheric aerosols usually occur in a bimodal distribution. The smaller part of these particles is referred to as the fine mode aerosols. They have a radii ranging between 0.1 to 0.25 µm, while the larger particles comprise of coarse mode aerosols. The larger particles generally have radii ranging between 1.0 to 2.5 µm, lastly, fine mode fraction aerosols which can be defined as the proportion of fine mode aerosols to the total. This is an optical measurement of the proportion by volume [1] , [2] .
The concentrations of atmospheric fine mode, coarse mode and fine mode fraction Aerosol Optical Depth (AOD) pollutants in western parts of Kenya are mainly affected by both local and regional source emissions. Statistical methods such as trajectory clustering and Potential Source Contribution Function (PSCF) for analyzing air-mass trajectories have been used to gain insights into the potential source areas (PSA) and prevail transport pathways for airborne particles and gases [3] . Trajectory clustering which is a multivariate statistical approach has been used as a tool for assigning trajectories into representative groups. [4] was the first to exploit trajectory coordinates as clustering variables, and various other clustering algorithms have been used in more recent studies [5] .
PSCF method tends to give a good angular resolution but poor radial resolution because the trajectories converge as they approach the receptor. The concentration field method developed by [6] calculates the mean or geometric mean concentration of each grid cell which is then weighted by the residence time. [2] refined this method by redistributing the concentration fields, and [7] further refined it to a Concentration-Weighted Trajectory (CWT) method. The current paper uses AOD trajectories analysis data for wet and dry seasons from 2013 to 2015 to identify the potential source contribution function and concentration-weighted trajectory to examine and locate the main sources of air pollutants in the study area.
Material and Methods

Area of Study
The study AERONET ground station is located Longitude 34.2˚E, −0.417˚S, and 1125 meters above sea level, the red marked triangle shown in Figure   1 .
Data for the Study
The 
The Methods Used in the Analysis
Trajectory Clustering
In this study, Ward's hierarchical method was used to form the trajectory clusters for the wet and dry seasons combined, and this was based on calculating the mean angle between all pairs of trajectories. Angular distance was chosen in place of Euclidean distance mainly because the aim of this research work was to use the trajectories to determine the direction from which the air masses that reached the site had originated. ( 1 cos 0.5 In order to get faster details on how the aerosols are spatially distributed from the source point to the sinking site, 0.5˚ by 0.5˚ grid dimension was used for the analysis of PSCF. For more detailed information and faster analysis of the AOD, the 1˚ by 1˚ grid dimension was used for the WCT.
Potential Source Contribution Function (PSCF).
PSCF values are calculated to identify the source areas by analyzing trajectory transport pathways [9] , [10] . To analyze possible long-range sources contributing to mean daily fine mode AOD, coarse mode AOD, and fine mode fraction AOD concentrations observed on this study area, a single grid cell was calculated by counting each trajectory segment endpoints that terminated within that grid cell. The number of endpoints that fall in ij th cell at a time was marked as x ij , while the total number of endpoints that fall in the same grid cell was denoted as y ij [4] . So the PSCF can be defined as
Thus, the PSCF values can be interpreted as a conditional probability describing the potential contributions of a grid cell to the high AOD loadings at ICIPE Mbita AERONET station. In this study, the criterion value was set to the mean concentration of all the AOD data. The study domain extends from 28˚E to 50˚E and from 15˚S to 10˚N, thus composing 2200 cells 0.5˚ by 0.5˚ in latitude and longitude. To remove the uncertainty in cells with small values of y ij , the PSCF values were multiplied by an arbitrary weight function W ij to better reflect the uncertainty in the values for these cells [3] , [4] , [11] , [12] . The weighting function reduced the PSCF values when the total number of the endpoints in a particular cell was less than about three times the average value of the end points for each cell. 
Concentration-Weighted Trajectory (CWT) Method.
In order to avoid the laminations of the PSCF method whereby some grid cells could have the same PSCF value when sample concentrations could either be slightly higher or much higher than the criterion required as a result, it could be much more difficult to distinguish moderate sources from strong ones. Hence CWT method [8] , [10] , [13] was used with the aiming of producing a geographical overview of emission source areas within the study region. 
Results and Discussion
In this present work, we have classified the data in terms of two major seasons, namely, wet (March-May) and dry (July-August) seasons which is based on synoptic winds and different meteorological conditions prevailing over Kenya.
Regional Contributions
Air Island while others were locally pollinators [14] .
From Figure 6 , during wet season, it can be observed that most aerosols concertation originated from northeastern direction (Somalia land), Figure 6 , fine mode AOD was ranging from 0.03-0.1 while 6 coarse modes it ranges from 0.03-0.18 and lastly fine mode fraction the values were ranging from 0.3-0.7.
Fine mode Fraction AOD were more dominate among the other AOD. As the season changes to dry, the direction of AOD JJA also changes, most AOD arrived on the ICIPE Mbita were coming from southeast direction especially along the border of Kenya and Tanzania. Coarse mode AOD was with the highest values.
From Figure 8 , in year 2015, it can be observed from both wet and dry season, that mostly AOD were coming from both NE and SE direction which led to an increasing amount of AOD concertation to our areas of interest. Due to the Open Access Library Journal convergence of north easterlies and south eateries winds which acts as agents of transportation of aerosols along the equatorial region, it can be seen that the spatial distribution of aerosols was more than Figure 6 .
Lastly for Figure 7 and Figure 
Conclusions
The Both PSCF and CWT methods produced a good agreement of pollutants concentrations from the receptor areas. The grid-based difference in PSCF values was very similar to the grid-based of CWT, indicating that the uncertainty in trajectory statistics is determined by the uncertainties in trajectory model outputs. This source oriented method developed here is an information comparable to the one generated with trajectory statistics. Because it is a qualitative source oriented approach that generates information potential source areas that affect concentrations of pollutants at a given receptor.
Recommendations
In this study, PSCF and CWT analyses were done for only one station in Kenya, ICIPE Mbita. The same analyses could be applied on other two stations namely Nairobi and CRPSM Malindi AERONET stations where the pollutant measurements are available.
In future studies, height considerations with other atmospheric mechanism and chemistry of pollutants would be included in order to integrate them into the current PSCF and WCT methodology.
More data inventory could be improved until up-to-date measurements and obtaining recent trajectories. This would reveal recent changes in the pollution transport trends. Open Access Library Journal 
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